Abstract As climate change continues to alter local weather patterns, it is important to understand how people are experiencing such changes because personal experience may affect mitigation and adaptation policy preferences and behaviors. Local weather conditions are also an easily accessible source of information that, aggregated over time, may enable people to detect long-term climate trends and update their beliefs about global warming. However, motivated reasoning-the tendency to fit information to conclusions that correspond with a preexisting belief-may limit the accuracy of local weather perceptions. This paper focuses on perceptions of seasonal weather in Norway and examines evidence for motivated reasoning consistent with pre-existing beliefs about climate change, using a national panel survey combined with high-resolution seasonal climate observations. Respondents' perceptions are sensitive to observed differences in both temperature and precipitation, but respondents are more likely to accurately perceive local precipitation than local temperature. Controlling for observed conditions, beliefs about global climate change had a large effect on perceptions of seasonal temperature, and smaller effects on perceptions of seasonal precipitation. These findings provide evidence that individual perceptions of seasonal weather are related to local conditions, but they are also likely to be motivated by beliefs about global climate change.
Introduction
Climate change magnifies the risk of many environmental hazards-such as drought, extreme heat, and flooding-and reducing these risks will likely require changes in individual behavior and the national, state, and local mitigation and adaptation policies. The success of these efforts depends heavily on social factors such as citizen policy preferences and policy support, awareness of appropriate behavioral responses, and risk perceptions, among other factors. As climate change continues to change local weather patterns around the world, it is important to understand how people are experiencing such changes because personal experience may affect climate change beliefs, risk perceptions, policy support, and individual behaviors related to mitigation or adaptation (Marx et al. 2007; Akerlof et al. 2013; Myers et al. 2013; Zaval et al. 2014; McCright et al. 2014; Broomell et al. 2015; Demski et al. 2016) . Likewise, personal experience may be filtered through the lens of existing beliefs and attitudes about climate change, which may influence how people perceive and respond to a changing climate (Howe and Leiserowitz 2013; McCright et al. 2014; Shao 2016; Broomell et al. 2017) . To advance understanding of how personal experiences relate to climate change beliefs, this paper uses public perceptions of local seasonal weather in Norway as a case study, examining evidence for how beliefs about global climate change relate to subjective experience of seasonal temperature and precipitation.
Local weather conditions are an accessible source of information that, when accurately aggregated over time, may enable people to detect long-term climate trends at the local scale ) and potentially update their beliefs about global warming (Deryugina 2013; Kaufmann et al. 2017; Bohr 2017) . Variation in local weather conditions has provided a setting for natural experiments showing that short-term daily temperatures shape climate beliefs (Joireman et al. 2010; Egan and Mullin 2012; Hamilton and Stampone 2013; Zaval et al. 2014 ). However, short-term local weather is not necessarily a reliable source of information about global climate change. Short-term weather may be an unreliable indicator if people are unable to accurately judge short-term weather conditions in the context of long-term climate averages in their local area. Regardless of the source, accurate information about shifts in local weather and climate are important for determining appropriate adaptation responses to changing conditions (Adger et al. 2005; Grothmann and Patt 2005) . Climate change communication and education strategies that rely on engaging audiences by Bconnecting the dots^between local weather events and global climate change may also see limited success if audience's memories of local weather events do not align with measured climate and weather observations. It is therefore important in the context of climate change adaptation and mitigation to understand how the public is perceiving and responding to geographically varying experiences with climate change impacts, and how such responses may be shaped by existing beliefs and attitudes.
A growing body of social science research indicates that personal experiences of climate change, climate change impacts, and weather are interpreted through strong cultural and ideological filters, consistent with the phenomenon termed motivated reasoning or motivated cognition (Howe and Leiserowitz 2013; McCright et al. 2014; Cutler 2015; Hamilton and Lemcke-Stampone 2016; Shao 2016; Hamilton et al. 2016a, b; Switzer and Vedlitz 2016; Borick and Rabe 2017; Broomell et al. 2017) . Motivated reasoning is the tendency to fit information to conclusions that correspond with a preexisting belief or ideology (Kunda 1990 ). This bias may lead people to selectively misremember their experiences in ways that reinforce their beliefs about climate change. For example, evidence from an early study of farmers in the Midwestern USA showed that those who believed climate change was occurring were more likely to accurately remember a local warming trend over the past 5 years (Weber 1997) . In a recent study, participants with varying global warming beliefs interpreted abnormal daily temperatures differently as evidence of global warming (Broomell et al. 2017) . Motivated reasoning may not influence perceptions of all types of weather uniformly, however. Perceptions of local temperatures may be more influenced by global warming beliefs than perceptions of local precipitation because of the saliency of the association between global warming and temperature (Goebbert et al. 2012) . Projected changes in precipitation due to climate change are much more place-dependent and comparatively uncertain as compared to changes in temperature (IPCC 2014) . These differences between temperature and precipitation imply a more intuitive association between the concepts of seasonal temperatures and climate change (Goebbert et al. 2012) . Therefore, motivated reasoning may bias memories of seasonal temperature to a greater extent than memories of seasonal precipitation.
Research in the USA suggests that motivated reasoning driven by pre-existing beliefs about global warming may influence perceptions of seasonal climate at the local scale (Howe and Leiserowitz 2013; McCright et al. 2014; Hamilton et al. 2016a; Borick and Rabe 2017) . Howe and Leiserowitz (2013) , in a national survey, asked respondents to recall whether temperature and precipitation during their most recent winter and summer seasons had been above normal, normal, or below normal. Responses were associated with local climate conditions measured during each season, but respondents with different sets of beliefs about global warming exhibited different recollections of seasonal temperature, even after controlling for geographic differences in climate conditions. Those who believed that global warming is not happening were less likely to recall accurately that the previous summer in their area was much warmer than normal, as compared to respondents who believed that global warming is happening. This effect did not extend to the most recent winter, which was much colder than normal for most of the USA. Regardless of their global warming beliefs, respondents were likely to accurately recall that the winter was colder than normal. Likewise, perceptions of seasonal precipitation were unrelated to respondents' beliefs about global warming. In this study, the motivated reasoning effect appeared to be asymmetric, since only those who believed that global warming is not happening or human-caused showed biased recollections of seasonal climate when local conditions were inconsistent with their beliefs (Howe and Leiserowitz 2013) .
Additional research is needed to determine whether this effect is consistent across a wider range of seasonal weather conditions and whether it is generalizable beyond the US population (Borick and Rabe 2017) . For example, risk perceptions about specific climate change impacts may be place-dependent in ways that are driven by cultural expectations surrounding the climate of a particular place (Taylor et al. 2017 ).
An analysis of open-ended survey responses about climate change in Norway found some differences in the imagery respondents associated with climate change, as compared to respondents to surveys in the USA and UK (Tvinnereim and Fløttum 2015) , which supports the need for expanded research on climate change opinion beyond these two well-studied populations. Furthermore, Norway is major oil and gas exporter with high per capita greenhouse gas emissions (IEA 2017) . The country has been a leader in advancing domestic policies to reduce greenhouse gas emissions, which produces tensions with its continuing role as an oil and gas producer (Norgaard 2011; Eckersley 2013) . As a result, actions taken by Norway's government-and whether they are supported or opposed by its citizens-have important consequences for the trajectory of global climate change mitigation.
This paper examines seasonal weather perceptions in Norway and the extent to which they are related to beliefs about global climate change. I hypothesize that, as in other contexts, respondents' assessments of whether recent seasons were above or below normal in terms of temperature and precipitation will be related to observed values for those seasons based on local climate observations . I further hypothesize that, as in the USA, respondents' recollections of recent seasonal temperature will be related to their beliefs about global climate change (Howe and Leiserowitz 2013; Hamilton and Lemcke-Stampone 2016) , but recollections of seasonal precipitation will be unrelated to climate change beliefs.
Despite having high rates of environmental concern, Norway also has a sizable proportion of its population who are unconcerned about the risks of climate change. An analysis of 2010-11 International Social Survey Programme data classified 15% of Norwegians as climate change Bskeptics,^a similar proportion to Australia, New Zealand, and the USA (Tranter and Booth 2015) . Similarly, in 2007 Similarly, in -2008 , the Gallup World Poll found that 43% of Norwegians considered climate change to be a serious personal threat, as compared to 63% of Americans (Lee et al. 2015) . Subsequent research is consistent with these trends: although few Norwegians believe that climate change is not happening, the belief that climate change is not primarily human-caused or will not have serious impacts is more common (Austgulen and Stø 2013; Helliesen 2015) . In 2013, 66% of Norway residents believed that climate change was happening and human-caused, as compared to 49% in the USA Helliesen 2015) . As in the USA, political orientation is also related to climate change opinion in Norway (Helliesen 2015; Aasen 2017) .
This study builds on previous studies examining seasonal weather perceptions in the context of beliefs about climate change, with several advances. First, this study is the first to examine the role of motivated reasoning in weather perceptions outside the US population, where public opinion on climate change is strongly polarized along political and ideological lines (McCright and Dunlap 2011) . Second, by relying on a nationally representative sample from a longitudinal panel dataset, this study is able to utilize items measuring respondents' self-reported beliefs about climate change over time. With information about respondents' prior climate change beliefs, this study is able to minimize the confounding effect of prior personal experience with local weather conditions leading to changes in climate change beliefs, which has been unable to be accounted for in previous cross-sectional studies.
Methods
This study was conducted in collaboration with the Norwegian Citizen Panel (NCP). The NCP is an internet-based panel survey targeted at the general population of Norway, conducted in Norwegian. Participants are Norwegian citizens over age 18 randomly sampled from the Norwegian Population Registry. This analysis is based on the second and fourth waves of the NCP conducted in March 2014 and March 2015. An initial sample of 25,000 respondents was drawn for the wave 1 of the NCP, of which 4863 registered for the survey. The sample for wave 2 was these 4863 individuals who registered for wave 1. Three thousand three hundred seventy-two respondents completed at least some portion of the wave 2 survey. Additional panel members were recruited for subsequent waves. Six thousand two hundred ninety-seven respondents completed at least some portion of the wave 4 survey. An incentive in the form of a lottery for a travel gift card valued at 25,000 NOK was offered to respondents who completed each wave. Respondents were georeferenced by county.
This study uses four survey items from wave 4 of the NCP as dependent variables. These items measure perceived differences from normal in local average temperature and precipitation during the most recent winter (2014-15) and the previous winter . To assess perceptions of seasonal temperature, respondents were asked BHas the winter (2014-15) where you live been warmer than normal, colder than normal, or normal?^and BWhen you consider the previous winter , was it warmer than normal, colder than normal, or normal where you live?^To assess perceptions of seasonal precipitation, respondents were asked BWas there more precipitation, less precipitation or normal precipitation this winter where you live?^and BWhen you consider the previous winter , was there more precipitation, less precipitation or normal precipitation where you live?^This set of items measured the most recent season respondents had experienced to minimize the effect of forgetting on people's recollections (the survey was conducted immediately following winter), and to measure the corresponding season a year in the past to examine how recollections may shift over time.
Survey items representing respondents' beliefs about the occurrence and causes of climate change from both wave 2 and wave 4 of the NCP were used as independent variables. Responses from both waves were used to assess the stability of climate change beliefs over time, and to represent prior beliefs about climate change held by respondents. In both waves, respondents were asked Bwhich of the following statements best describes your views on climate change?^The following response options were presented: BI believe that the climate is not changing; I don't know whether the climate is changing or not; I believe that the climate is changing, but that it has little to do with human action; I believe that the climate is changing, and that it to a large extent is due to human action.T he survey included additional items measuring demographic and political variables. This analysis uses the following items as predictors: age (18-29 years, 30-59 years, 60 and above); gender; educational attainment (elementary or below; upper secondary; college, university, or higher); and political orientation. Political orientation was measured with the question BIn politics people often talk about the 'left wing' and the 'right wing'. Below is a scale where 0 represents those that are politically on the far left, and 10 represents those that are politically on the far right. Where would you place yourself on such a scale?^Responses were categorized as left (0-3), center (4-6), and right (7-10).
As additional independent variables, this study uses spatial climate data derived from the E-OBS dataset, a high-resolution gridded historical climate dataset interpolated from station records distributed by the European Climate Assessment and Dataset with a resolution of 0.25°o r approximately 28 km between grid points (Hofstra et al. 2009 ). Mean seasonal temperature anomalies were calculated as the difference in the 3-month mean of daily mean temperature in each grid cell from the 1971-2000 mean, for climatological winter (December, January, and February) 2013-14 and 2014-15. The percent of normal precipitation was calculated as the percentage of the 3-month mean of daily precipitation relative to the 1971-2000 mean. The percent of normal precipitation was used following typical practices in climate science to account for spatial heterogeneity in long-term average precipitation.
To estimate the exposure to varying weather conditions of survey respondents, population-weighted estimates for each seasonal mean temperature and precipitation anomalies were calculated within each county, the level at which respondents were georeferenced. Since population distribution is not spatially uniform within counties, this analysis used data from Landscan 2008 (Dobson et al. 2000) , a high-resolution (~1 km) global gridded population dataset, to estimate the temperature and precipitation anomalies actually experienced by the population within each county. Climate data were extracted from climate grids using a spatial point model of population density created from the population grid. Extracted climate values were averaged across all population points within each subnational area to obtain population-weighted values that approximate a representative sample of the population within each area (cf. . The resulting population-weighted climate data approximate the average conditions experienced by the population within each county.
To examine the sensitivity of perceptions to observed weather conditions, responses to each survey question were compared to their respective observed variables. Since temperature and precipitation anomalies are spatially autocorrelated at the county scale (Haylock et al. 2008) , if perceptions reflect local observations, they should exhibit geographic patterns that correspond with the patterns of the corresponding meteorological variable. To analyze whether geographic patterns are present in local weather perceptions at the county scale, I construct a multilevel logistic regression model predicting responses to each question with random effects accounting for respondents' county of residence. I extend the multilevel model to examine the effect of climate change beliefs on local weather perceptions by including individual-level variables for demographics (gender and age) and climate change beliefs. The dependent variable in each logistic regression model is the response that reflects the observed conditions experienced by the majority of the population, in this case Bwarmer than normal^for temperature in winter 2013-14 and 2014-15 and Bmore than normal^for precipitation in winter 2013-14 and 2014-15.
Seasonal climate during the study period
This paper focuses on perceptions of two winter seasons: 2013-14 and 2014-15. Both seasons were generally warmer and wetter than normal, averaged across the population. However, the geographic patterns of temperature and precipitation anomalies within the country differed between the two seasons ( Supplementary Fig. 1 ). The winter of 2013-14 was one of the warmest on record in Norway. In December 2013 through February 2014, residents on average experienced temperatures 2.9 ± 0.6°C above the 1971-2000 mean (Table 1) . Residents of Hedmark County experienced the warmest winter at 4.3°C above normal. Oslo County was 3.2°C above normal, and Hordaland County was 2.4°C above normal. The lowest relative temperature anomalies were experienced by residents of Troms County, although temperatures there were still 1°C above normal. Winter 2013-14 brought generally above-normal precipitation to the population on average (175 ± 79% of the 1971-2000 mean), although precipitation varied from below-to above-normal across the country. Winter precipitation was much above normal in the southeast and normal to extremely below normal in western, central, and northern Norway. Precipitation ranged from 279% of normal in Aust-Agder County in southern Norway to 38% of normal in Sør-Trøndelag County in central Norway. Winter 2013-14 precipitation in Oslo was 240% of normal.
Winter 2014-15 was also substantially warmer than average across Norway. In December 2014 through February 2015, residents experienced temperatures 2.0 ± 0.6°C above the 1971-2000 mean. Temperatures ranged from 2.9°C above normal in Oppland County to 0.9°C 
Results
The large majority of respondents (78%) reported that their most recent winter of 2014-15 was warmer than normal where they live (Table 2) , consistent with the above-normal temperatures recorded across Norway during that season. By contrast, despite even higher temperatures during the previous winter of 2013-14, only half (50%) of respondents reported that the previous winter had been warmer than normal, with substantial proportions reporting that the winter had been normal (39%) or colder than normal (11%). There was more disagreement about precipitation during both seasons, with the largest proportion of respondents reporting normal precipitation during both the winter of 2014-15 (40%) and the winter of 2013-14 (51%). A subset of respondents (n = 316) answered a similar set of questions about seasonal temperature and precipitation in the prior wave of the survey in March 2014. This allows examination of changes in perceptions of the same season (winter 2013-14) over time ( Supplementary Fig. 2 ). Among those who responded to both waves of the survey, the majority (57%) gave the same response about perceived temperatures during winter 2013-14, while a large proportion (41%) gave responses that indicated a negative change in their assessment (e.g., moving from Bwarmer than normal^to Bno different than normal^or from Bno different than normal^to Bcolder than normal^). Few respondents (2%) showed a positive change in their assessment. Regarding changes in perceived precipitation, roughly similar proportions of respondents increased (39%), decreased (31%), or had no change (30%) in their assessment of winter 2013-14 precipitation over the year.
Multilevel logistic regression models were constructed to investigate the influence of geographic (level 2) and individual (level 1) factors on local weather perceptions. Table 3  and Supplementary Tables 1-3 each present results of three sets of models: (1) a model using only county-level random effects to analyze first-order geographic variation in perceptions, (2) a model that adds county-level temperature and precipitation fixed effects and individual-level demographics (gender, age, education, and political orientation), and (3) a model that adds individual-level climate change beliefs measured in the previous wave of the survey. The outcome variable for each model is the response that reflects the observed conditions across the majority of the country, in this case Bwarmer than normalf or winter temperature and Bmore than normal^for winter precipitation. The county-level variance was 0.35 in the model of perceptions of temperature during the most recent winter, 2014-15 (Table 3) Table 1 ). These relative variances indicate that place-based differences in exposure to different climate conditions would be unable to explain most of the individual variance in perceptions of temperature for either the most recent or previous season. The addition of county-level weather observations and individual-level demographic predictors reduced the county-level variance within each model by between 53 and 93%, showing that these variables are able to explain a large proportion of the residual geographic variation in weather perceptions. Similar results are shown in an alternative model specification that treats the demographic and political ideology predictors as ordinal variables (Supplementary Table 5 ). Observed temperature at the county level was a strong predictor of perceptions of temperature during the most recent winter (Table 3) . Holding all other variables constant, a change in the county-level mean temperature for winter 2014-15 from the fifth percentile (1.1°C) to the 95th percentile (2.7°C) increased the predicted probability of reporting that the temperature was warmer than normal during the winter from 69 to 90%. For the previous winter , a change in the county-level mean temperature from the fifth percentile (1.4°C) to the 95th percentile (3.4°C) increased the predicted probability of reporting that the temperature was warmer than normal during the winter from 27 to 55%. County-level differences in average precipitation also explain some of the variation in perceptions of temperature during the previous winter: a change in the county-level precipitation anomaly from the fifth percentile (38% of normal) to the 95th percentile (270% of normal) decreased the predicted probability of reporting that the temperature was above normal from 70 to 47%. 474 Climatic Change (2018) 148:467-480 Similarly, the county-level variance was 0.1 in the geography-only model of perceptions of precipitation during the previous winter (Supplementary Table 2 ). By contrast, the county-level variance was 0.57 in the model of perceptions of precipitation during the most recent winter (Supplementary Table 3 ). In the case of both temperature and precipitation, the geography-only model was able to explain more of the variance in responses during the most recent winter season as opposed to the winter of the previous year. This pattern is consistent with the expectation that respondents would have more accurate recollections of weather conditions that they had just experienced as opposed to those that they had been asked to recall from the year before.
Similarly to perceptions of temperature during the most recent winter, much of the variation in perceptions of recent precipitation was explained by county-level differences. For the most recent winter (Supplementary Table 2 ), a change in precipitation from the fifth percentile (95% of normal) to the 95th percentile (180% of normal) increased the predicted probability of reporting above-average precipitation from 17 to 60%. However, although geographic differences across counties only explained a small proportion of the variance in perceptions of precipitation during the previous winter (2013-14), observed precipitation was able to explain much of the residual county-level variation (Supplementary Table 3 ). Holding all other variables constant, a change in precipitation from the fifth to the 95th percentile increased the predicted probability of reporting above-average precipitation from 17 to 35%. Each of the model results discussed above indicates a detectable relationship between individual perceptions of local seasonal weather and observed conditions: for each question asked about local weather conditions during each season, corresponding climatic variables at the county level were strongly associated in the expected direction with individual responses. In the final set of models (model 3), I explore whether individual-level beliefs about global climate change explain additional variation in local weather perceptions beyond what may be explained by differences in seasonal conditions. In a combined model accounting for local weather conditions, gender, age, education, and political orientation, climate change beliefs had a large effect on perceptions of temperature during both the previous winter and the most recent winter (Fig. 1a, b) . When asked about the recent 2014-15 winter season, respondents who believed that climate change is happening but not primarily human-caused were 20 percentage points less likely to accurately report that the season was warmer than normal, as compared to those who believed that climate change is happening and human-caused. Those who responded that they believe that the climate is not changing or do not know whether the climate is changing were 48 and 21 percentage points less likely to accurately report that the season was warmer than normal. When asked about the previous 2013-14 winter season, respondents who believed that climate change is happening but not primarily human-caused were 22 percentage points less likely to accurately report that the season was warmer than normal, as compared to those who believed that climate change is happening and primarily human-caused. Similarly, those who responded that they believe that the climate is not changing or do not know whether the climate is changing were 45 and 26 percentage points less likely to accurately report that the season was warmer than normal as compared to those who believed that climate change is happening and primarily human-caused.
Climate change beliefs were also related to perceptions of precipitation during the most recent and previous winter, although the effects were generally weaker (Fig. 1c, d) . When asked about the 2014-15 winter season, those who believed that climate change is happening but not primarily human-caused were 13 percentage points less likely to report that the season had more precipitation than normal. When asked about the previous 2013-14 winter season, those who believed that climate change is happening but not primarily human-caused were 12 percentage points less likely to report that the season had more precipitation than normal as compared to those who believed that climate change is happening and primarily human-caused.
Discussion and conclusions
This analysis examined recollections of the characteristics of two seasons in the Norway: winter 2013-14 and winter 2014-15. Both seasons were warmer and wetter than the long-term average for most of the country, but they varied in geographic patterns of extremes between each season, with some counties experiencing extreme warmth or above-normal precipitation and some experiencing only moderate warmth or Believe that climate change is not mainly human-caused
Believe that climate change is mainly human-caused Fig. 1 Multilevel model-based predicted probability of reporting that the previous (a) and the most recent (b) winter were warmer than normal as a function of the county-level temperature anomaly during each season (DJF), and predicted probability of reporting that the previous (c) and the most recent (d) winter had more precipitation than normal, as a function of the county-level proportion of normal precipitation during each season. Blue line indicates predicted probability for respondents who think that the climate is changing, mainly as a result of human influences. Red line indicates predicted probability for respondents who think that the climate is changing, but that there has been very little human influence. below-normal precipitation. Local observations predicted how respondents recalled recent seasons, as would be expected if individuals were accurately recalling their immediate experience with local weather. Similarly, local weather perceptions were distributed geographically in patterns consistent with experience of varying local conditions. These results show that respondents on average recalled if recent seasons were above or below normal in terms of temperature and precipitation, albeit with variations that can be partially explained by differences in beliefs about global climate change.
Climate change is a spatially dispersed long-term phenomenon that has been argued to be difficult or impossible to experience directly (Weber 2006; Hulme et al. 2009 ), yet impacts of climate change in the form of changing seasonal temperatures are able to be perceived by people at the local level, as suggested by these results. However, experiences at the local level appear to be filtered through preexisting beliefs about global climate change even in contexts like Norway where environmental concern is high and large majorities of the population believe that climate change is happening. Among those who are exposed to abnormal weather conditions at the local level, those who report having experienced such conditions tend to be people who already think human-caused climate change is happening. As a result, personal experience with a changing local climate may not be a sufficient stimulus for necessary proactive mitigation and adaptation behavior change among people who are skeptical about human-caused climate change, because they may not perceive that their local climate is changing. As such, pre-existing beliefs about climate change may present a barrier to effective mitigation and adaptation by hindering the ability of some in the population to recognize the effects of climate change at the local level (e.g., Grothmann and Patt 2005; McNeeley and Lazrus 2014; Botzen et al. 2016) . For this population, climate change communication and education efforts that cite recent experiences with extreme weather or climatic conditions may be ineffective at promoting behavior change since such messages may be seen as inconsistent with their own subjective experience.
As described by Norgaard (2011) in the context of Norway, the Bsocially organized denial^of climate change suppresses potential threats to individual identity. This pattern, which may be interpreted as motivated reasoning or identity protective cognition, has also been supported in the US context (e.g., Howe and Leiserowitz 2013; Myers et al. 2013; Schuldt and Roh 2014; Broomell et al. 2017) . This study provides further evidence that memories of experiences with local climate-related phenomena may be adjusted to maintain one's identity or version of reality that is consistent with what one believes about the state of the global climate. Despite the large majority of respondents believing that climate change is happening, one-quarter of respondents believed that climate change was not primarily caused by human activities. Among people who hold this belief, there was a significantly lower probability of recognizing variations in seasonal weather at the local level that are consistent with those expected under a world that is being warmed by human activities. Those who strongly believed in the existence and anthropogenic cause of climate change were more likely to believe that they had experienced warmer temperatures in the past than those who doubted the existence or anthropogenic cause of global warming. In addition, respondents who did not believe that climate change was happening or human-caused were less likely to report that precipitation in their local area had differed from normal, even in places where precipitation was substantially greater than the long-term average. This suggests that even as motivated reasoning due to pre-existing beliefs about global warming can bias recollections of local temperatures, it may also bias recollections of other climatic indicators when they depart from normal. This bias toward remembering that conditions were normal even when they were not is consistent with the belief that climate change is not happening. The presence of this effect on perceptions of events farther in the past also suggests that as seasons become harder to remember over time, the recollection of past conditions may increasingly rely on other sets of beliefs, such as whether one believes that local conditions are likely to be influenced by climate change or not.
